An OFDM signal consists of N sinusoids (bins) with spacing 1/T, that are modulated by data symbols that have a duration T, equal to the inverse channel spacing. Hence, although the modulated bins spectrally overlap, they are orthogonal. where I,, = f ~* , -j 2 r t~, p ( t ) d t .
We observe that the presence of phase noise andor frequency offset affects the received useful signal. Both impairments rotate and attenuate the useful symbol ai. In addition, signal components originating from bins other than the considered one give rise to interbin interference (IBI). The third term in (1) denotes the thermal noise contribution of the AWGN channel.
The receiver rotates clockwise the signal TI^ over an angle \y which is an estimate of arg(lo), and feeds the resulting signal to the decision device. In the following, we (optimistically) assume that the receiver can perfectly estimate u~g (10 
Comparing (2) with SNR = E,/& in absence of carrier phase impairments, we define the degradation in dB as:
NO
The first term in (4) is caused by the reduction of the useful signal amplitude EO < 1, whereas the second term in (4) is due to the extra noise term (consisting of 6 and IBI ) having a variance VO. 
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This last expression is valid for a large number (N) of bins (see appendix). Hence, 
PHASE NOISE
In the case of phase noise, the computation of the second and fourth-order moments of 1101 is straightforward but quite tedious; the fourth-order moment computation takes advantage of the fact that increments of d ( t ) over nonoverlapping intervals are independent. We just present the final results. Keeping only linear terms in 082 = 4up, we obtain For both OFDM and SC, the degradation D from (5) 
Iv. NUMERICAL RESULTS AND CONCLUSIONS
In the figures 1 and 2 we depict the degradation as function of AF/R and p / R using expressions (7) where M denotes the size of the signal constellation [2] . From these figures we observe that OFDM is orders of magnitude more sensitive to frequency offset and phase noise than SC. Sensitivity increases with the number of bins and with the constellation size. The higher sensitivity of OFDM as compared to SC is caused by the N times longer duration of an OFDM symbol and by the interbin interference due to loss of the carrier orthogonality. Our analytical results for the sensitivity to carrier frequency offset have been confirmed by the computer simulations carried out in [6] .
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